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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte secondary battery, 
wherein a collector can be sufficiently deformed along an active material 
surface, the contact between an active material and the collector can be 
properly kept, excellent in a charging/discharging cycle, and inexpensive. 

SOLUTION: Negative electrodes 6^ consisting of an electrode constituting 
material layer 5, are provided on both surfaces of plane -like collector s 4 of 
the negative electrodes 6 are composed of electrolyte metallic foil formed of 
the electrolyte deposit of metal. In the electrolyte metallic foil, the 
surface roughness of one side main surface is smaller th ^ 3.0& mu;m in terms of 
a mean roughness of 10 points, and the difference of the surface roughness, 
between this and the other side main surfaces is smaller than 2.5μm in terms 
of a mean roughness of 1 0 points. ~ 
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CLAIMS 



[Claim(s)] 

[Claim I] In a nonaqueous electrolyte rechargeable battery equipped with the positive electrode and negative electrode 
of a plane charge collector with which it comes to form an electrode constituent layer in a front face at least one side of 
the plane charge collector of a positive electrode and a negative electrode It consists of an electrolysis metallic foil 
formed from metaled electrolytic deposition. The above-mentioned electrolysis metallic foil The nonaqueous 
electrolyte rechargeable battery which the surface roughness of one principal plane makes it the ten-point average of 
roughness height, and is characterized by it being smaller than 3.0 micrometers, and for a difference with the surface 
roughness of this principal plane and the principal plane of another side making it the ten-point average of roughness 
height, and being smaller than 2.5 micrometers. 

[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 characterized by for the electrode 
constituent of a positive electrode consisting of a metallic oxide which contains a lithi-um at least, and the electrode 
constituent of a negative el gctode consisting a lithium of matter in which a dope and a dedope are possible. 
[Claim 3] The nonaqueous electrolyte rechargeable battery according to claim 1 characterized by the above-mentioned 
electrolysis metallic foil consisting of copper. 

[Claim 4] The nonaqueous electrolyte rechargeable battery according to claim 1 with which one [ at least ] field of the 
above-mentioned electrolysis metallic foil is characterized by being covered with the rust-proofing coat. 
[Claim 5] The nonaqueous electrolyte rechargeable battery according to claim 1 with which one [ at least ] field of the 
above-mentioned electrolysis metallic foil is characterized by being covered with the silane coupling agent. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates especially to amelioration of a plane charge collector about a nonaqueous 
electrolyte rechargeable battery equipped with the electrode with which it comes to form an electrode constituent layer 
in the front face of a plane charge collector. 
[0002] 

[Description of the Prior Art] By remarkable advance of an electronic technique in recent years, miniaturization [ of 
electronic equipment ], lightweight-izing, and high performance-ization progresses, and the rechargeable battery with a 
high energy density is demanded of these electronic equipment. Although the nickei-cadmium battery, the lead cell, etc. 
were conventionally mentioned as a rechargeable battery used for these electronic equipment, it was inadequate in that 
a cell with a high energy density is obtained by these cells. 

[0003] Under such a situation, lithium multiple oxides, such as a lithium cobalt multiple oxide, are used as a positive 
electrode, and research and development of the nonaqueous electrolyte rechargeable battery which used the matter in 
which a dope and a dedope of lithium ions, such as a carbon material, are possible as a negative electrode, and the so- 
called rechargeable lithium-ion battery are performed. It has a high energy consistency, and this rechargeable lithium- 
ion battery also has little self-discharge, and it excels in a cycle property and it has the outstanding property of being 
lightweight. 

[0004] By the way, generally as a charge collector of the above-mentioned rechargeable lithium-ion battery, the 
metallic foil is used. Since it has the description of the low cost with sufficient electrical conductivity which does not 
form a lithium metal and an alloy, especially the metallic foil that consists of copper is used abundantly as a negative- 
electrode charge collector. Generally the rolling copper foil with a so-called thickness of 10-30 micrometers which 
carried out roller rolling of the copper plate mechanically is used for this copper foil. However, it is difficult for rolling 
copper foil to obtain what has large width of face from regulation of the size of rolling equipment. 
[0005] On the other hand, compared with rolling copper foil, as for the so-called electrolytic copper foil formed of 
copper electrolytic deposition, what has comparatively large width of face is obtained easily. Moreover, when this 
electrolytic copper foil is used for the negative-electrode charge collector of a rechargeable lithium-ion battery, 
productivity can improve by leaps and bounds and can lower the cost of cell production substantially. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the rechargeable lithium-ion battery used for the negative- 
electrode charge collector, the cell property, especially the cycle property in charge and discharge were bad, and were 
not able to use commercial electrolytic copper foil. 

[0007] Then, as a result of this invention persons' repeating examination wholeheartedly, the irregularity to one 
principal plane of an electrolysis metallic foil with the big problem mentioned above was formed, and it turned out that 
it has been generated since the difference of the surface roughness of both the principal planes of an electrolysis 
metallic foil is too large. 

[0008] Generally, the application was mainly a printed circuit board and a flexible substrate, and the electrolysis 
metallic foil formed big irregularity in the principal plane until now, in order to improve adhesion with plastics (in 
order to aim at an anchor effect). Therefore, since deformation along an active material front face did not fiiUy take 
place when this electrolysis metallic foil is used for the charge collector of a nonaqueous electrolyte rechargeable 
battery, contact of an active material and a charge collector was bad, and degradation of capacity and lowering of a 
cycle property had arisen. 

[0009] This invention is proposed in order to solve the above troubles, a charge collector fully deforms it along an 
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active material front face, it keeps good the contact nature of an active material and a charge collector, and aims at offer 

of the cheap nonaqueous electrolyte rechargeable battery excellent in the charge-and-discharge cycle. 

[0010] 

[Means for Solving the Problem] The nonaqueous electrolyte rechargeable battery concerning this invention is 
equipped with the positive electrode and negative electrode of a plane charge collector with which it comes to form an 
electrode constituent layer in a front face. At least one side of the plane charge collector of the above-mentioned 
positive electrode and a negative electrode It consists of an electrolysis metallic foil formed from metaled electrolytic 
deposition, and it is smaller than 3.0 micrometers, and the surface roughness of one principal plane makes the above- 
mentioned electrolysis metallic foil the ten-point average of roughness height, and it is characterized [ a difference with 
the surface roughness of this principal plane and the principal plane of another side makes it the ten-point average of 
roughness height, and ] by being smaller than 2.5 micrometers. 

[001 1] In the nonaqueous electrolyte rechargeable battery concerning this invention, since at least one side of the 
above-mentioned plane charge collector consists of an electrolysis metallic foil formed from metaled electrolytic 
deposition, there is no constraint of the magnitude on manufacture and the cost of cell production can be lowered. 
[0012] Moreover, it becomes what whose contact nature of a charge collector since the surface roughness of one 
principal plane of the electrolysis metallic foil which is a charge collector in the nonaqueous electrolyte rechargeable 
battery concerning this invention makes it the ten-point average of roughness height, it is smaller than 3.0 micrometers, 
a difference with surface roughness with the principal plane of this principal plane and another side makes it the ten- 
point average of roughness height and it is smaller than 2.5 micrometers, and an active material was good, and 
electrical conductivity became large, and was excellent in the charge-and-discharge cycle. 

[0013] Generally, the electrode constituent layer containing an active material and a binder is applied on the surface of 
a charge collector, and the electrode with which it comes to form an electrode constituent layer in the front face of a 
plane charge collector is pressed and produced with roll rolling etc. after that. This press process has the operation 
which compresses an electrode into a predetermined consistency, and the operation which makes between active 
material particles approach so that it may have suitable conductivity. The contact nature of an active material and a 
charge collector becomes good between active material particles, and, as for the electrode which passed through the 
press process, electrical conductivity becomes large. 

[0014] Furthermore, in order to acquire sufficient cell property, while making distance of an active material and a 
charge collector small between active material particles, it is important that the configuration of a charge collector 
deforms in accordance with the configuration on the front face of an active material. When a charge collector deforms 
along an active material front face, the contact nature of an active material and a charge collector becomes still better, 
electrical conductivity becomes still larger, and a desirable cell property is acquired. 

[0015] However, when a charge collector does not deform along an active material front face, the contact parts of an 
active material and a charge collector decrease, and electrical conductivity is small. Moreover, when the irregularity of 
a current collection body surface is large, there are also few points of contact of an active material and a charge 
collector. If the electrode with such large contact resistance repeats charge and discharge, by the stress by the expansion 
contraction accompanying the charge and discharge of an active material, the dissolution to the electrolytic solution of 
the binder which is adhesives, etc., the distance of a charge collector and an active material will become large with 
steps, some active materials will become the electrical conductivity which cannot be used for charge and discharge, and 
degradation of capacity will break out. 

[0016] The surface roughness of one field of this electrolysis metallic foil makes it the ten-point average of roughness 
height. Therefore, when larger than 3.0 micrometers, A difference with the surface roughness of this principal plane 
and the principal plane principal plane of another side makes it the ten-point average of roughness height. Or in being 
larger than 2.5 micrometers In case an active material is applied and pressed in a charge collector, the deformation 
which the charge collector met on the surface of the active material does not take place enough, and since surface 
irregularity is large, there are few points of contact with an active material, degradation of capacity breaks out in 
connection with charge and discharge, and sufficient cell property is not acquired. 
[0017] 

[Embodiment of the Invention] The nonaqueous electrolyte rechargeable battery concerning this invention is equipped 
with the electrode with which it comes to form an electrode constituent layer in the front face of a plane charge 
collector, is constituted, and consists of an electrolysis metallic foil in which at least one side of the above-mentioned 
plane charge collector is formed from metaled electrolytic deposition. And the surface roughness of the mat side which 
is one principal plane makes this electrolysis metallic foil the ten-point average of roughness height, and it is smaller 
than 3.0 micrometers, and a difference with the surface roughness of this mat side and the glossy surface which is a 
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principal plane of another side makes it the ten-point average of roughness height, and is formed smaller than 2.5 
micrometers. 

[0018] In addition, generally, an electrolysis metallic foil uses the water solution containing a predetermined metal as 
the electrolytic solution, and is formed in a drum front face by using a rotating drum as an electrode. At this time, the 
formed electrolysis metallic foil calls a glossy surface the principal plane by the side of a drum, and while will accept it 
an electrolytic-solution side and it calls a principal plane a mat side. 

[0019] The surface irregularity of the above-mentioned electrolytic copper foil is small, since the difference of the 
surface roughness of a mat side and a glossy surface is small, at the time of a press process, deformation along an active 
material front face fully takes place, and contact nature with an active material is kept good. 

[0020] In addition, in JIS B0601, as for the surface roughness mentioned above, the definition about ten-point average 
line granularity (RZ) is made, the ten-point average of roughness height (RZ) is only criteria die-length L from a profile 
curve, as shown in drawing 1 - it measured in the direction of longitudinal magnification from the average line of a ** 
omission ****** part ~ The average of the absolute value of the altitude (Yp) of the summit from the highest summit 
to the 5th (|Ypl+Yp2+Yp3+Yp4+Yp5|/5), It asks for the sum with the average (|Yvl+Yv2+Yv3+Yv4+Yv5|/5) of the 
absolute value of the altitude (Yv) of the bottom of thread from the lowest bottom of thread to the 5th. 
[0021] Although this invention is not limited especially about the matter which constitutes a cell, it is suitable in the so- 
called rechargeable lithium-ion battery with which a positive electrode consists of a metallic oxide which contains a 
lithium at least, and a negative electrode consists a lithium of a negative electrode in which a dope and a dedope are 
possible. 

[0022] Moreover, in a rechargeable lithium-ion battery, it is desirable that the above-mentioned electrolysis metallic 
foil consists of copper. Electrolytic copper foil does not form a lithium metal and an alloy, and electrical conductivity is 
good and has various advantages producible by low cost. 

[0023] In order to control oxidation of a metallic foil, the rust-proofing coat may be covered by one [ at least ] field of 
the above-mentioned electrolysis metallic foil. Moreover, in order to raise adsorbent [ of a metallic foil front face and 
an active material ], the film which consists of a silane coupling agent may be covered by one [ at least ] field of the 
above-mentioned electrolysis metallic foil. 

[0024] In addition, it sets to the above-mentioned rechargeable lithium-ion battery, and is LixM02 (however, M 
expresses one or more kinds of transition metals.) as positive active material, x is the presentation ratio of a lithium. 
The included active material is usable. As this active material, multiple oxides, such as LixCo02, LixNi02, 
LixMn204, LixMn03, and LixNiyCo(l-y) 02, are mentioned. 

[0025] The above-mentioned multiple oxide uses the carbonate of a lithium, cobah, and nickel as a start raw material, 
and is obtained by mixing according to a presentation and calcinating these carbonates under an oxygen existence 
ambient atmosphere in a 600 degrees C - 1000 degrees C temperature requirement. Moreover, a start raw material is 
not limited to a carbonate, but can be similarly compounded from a hydroxide and an oxide. 
[0026] On the other hand, as a negative-electrode active material, polymers, such as polyacethylene besides 
carbonaceous ingredients, such as pyrolytic carbon, corks (pitch coke, needle coke, petroleum coke, etc.), graphite, 
glassy carbon, an organic high-molecular-compound baking object (what calcinated and carbonized phenol resin, fiiran 
resin, etc. at suitable temperature), a carbon fiber, and activated carbon, or a metal lithium, and a lithium alloy (for 
example, lithium-aluminum containing alloy), and polypyrrole, are also usable just possible [ a dope and a dedope of a 
lithium ]. 

[0027] Lithium salt is used as an electrolyte and the electrolytic solution made to dissolve this in an organic solvent is 
used for the electrolytic solution. Especially as an organic solvent, although not limited, the activity of independent or 
two or more kinds of mixed solvents, such as propylene carbonate, ethylene carbonate, 1, 2-dimethoxy ethane, gamma- 
butyrolactone, a tetrahydrofiiran, 2-methyl tetrahydrofuran, 1, 3-dioxolane, a sulfolane, an acetonitrile, diethyl 
carbonate, and dipropyl carbonate, is possible here, for example. 

[0028] To an electrolyte, the activity of LiC104, LiAsF6, LiPF6, LiBF4, LiB (C6H5)4, LiCl, LiBr, CH3S03Li, 

CF3S03Li, etc. is possible. 

[0029] 

[Example] Hereafter, a suitable example is explained about the nonaqueous electrolyte rechargeable battery which 
applied this invention, referring to a drawing. In addition, it cannot be overemphasized that this invention is not what is 
limited to this example. 

[0030] The rechargeable lithium-ion battery produced by example 1 this example consists of a positive electrode 3 
which applies positive active material 2 to the positive-electrode charge collector 1 , and becomes it, and a negative 
electrode 6 which comes to apply the negative-electrode active material 5 to the negative-electrode charge collector 4, 
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as shown in drawin gj. . And this nonaqueous electrolyte rechargeable battery carries out the laminating of a positive 
electrode 3, a separator 7, a negative electrode 6, and the separator 7 to this order, and uses them as a laminating 
electrode object, and it comes to contain it with the cell can 10 in the condition of the swirl type electrode object on 
which it comes to wind this laminating electrode object many times of having arranged insulators 8 and 9 up and down. 

[0031] The negative-electrode charge collector 4 which consists of electrolytic copper foil first was produced as 
follows first. Electrolytic coppqrfoil^^ was obtained by electrolyzing noble-metals 

oxide coat titanium into an anode"plairGy using the rotating drum made from titanium as cathode on current density 50 
A/dm2 and the conditions of 50 degrees C of solution temperature, using as the electrolytic solution the copper-sulfate 
solution shown with presentation 1. 
[0032] 

(Presentation 1) 

A copper sulfate (CuS04and5H20) 350 g/1 Sulfuric acid (H2S04) 1 10 g/1 Thiourea 0.4 ppm Gum arabic 0.8 ppm 
Low-molecular- weight glia (molecular weight 5000) 0.4ppm CI- Subsequently to a Cr03;l g/1 water solution, this 
electrolytic copper foil was immersed for 5 seconds, chromate treatment was performed, and 30 ppm was dried after 
rinsing. In addition, although chromate treatment was performed, of course, silane coupling agent processing may be 
performed here after benzotriazol system processing, silane coupling agent processing, or chromate treatment. 
[0033] And the negative electrode 6 was produced as follows. As a negative-electrode active material 5, using a 
petroleum pitch as a start raw material, this was calcinated and coarse-grain-like pitch coke was obtained. This coarse- 
grain-like pitch coke was ground and it considered as powder with a mean particle diameter of 20 micrometers, and this 
powder was calcinated at 1000 degrees C among inert gas, the impurity was removed, and corks ingredient powder was 
obtained. 

[0034] thus, the obtained corks ingredient powder - as 90 weight sections and binding material - poly vinylidene 
fluoride - the rate of 10 weight sections ~ mixing - a negative electrode - the mixture was adjusted, subsequently, 
this negative electrode - N-methyl pyrrolidone which is a solvent was made to distribute a mixture, and it was made 
the slurry. And it applied to both sides of the negative-electrode charge collector 4 which is band-like electrolytic 
copper foil with a thickness of 10 micrometers which mentioned this slurry above, compression formation was carried 
out with the roller-press machine after desiccation, and the band-like negative electrode 6 was obtained, this band-like 
negative electrode 6 - the negative electrode after shaping - the thickness of both sides of a mixture is the same at 90 
micrometers, that width of face is formed in 55.6mm, and die length is formed in 551 .5mm. 

[0035] Next, the positive electrode 3 was made like next and produced. It mixed with 0.5 mols of lithium carbonates, 
and one mol of cobalt carbonate, and in air, positive active material (LiCo02) 2 was calcinated for 5 hours, and 
obtained 900 degree C of LiCoO(s)2. 

[0036] Thus, graphite was mixed 6% of the weight as an electric conduction agent 91% of the weight, poly vinylidene 
fluoride was mixed for the obtained positive active material (LiCo02) 2 at 3% of the weight of a rate as a binder, 
positive-electrode plied timber was produced, this was distributed to the N-methyl-2-pyrrolidone, and it considered as 
the shape of a slurry. Next, this slurry was applied to homogeneity to both sides of the positive-electrode charge 
collector which consists of band-like aluminum with a thickness of 20 micrometers, it pressed with the roller press 
machine after desiccation, and the band-like positive electrode 3 with a thickness of 160 micrometers was obtained, this 
band-like positive electrode 3 - the positive electrode after shaping - the thickness of a mixture is [ a front face ] 70 
micrometers, that width of face is formed in 53.6mm, and die length is formed in 523.5mm. 

[0037] Thus, as mentioned above, the laminating of the produced band-like positive electrode 3, the band-like negative 
electrode 6, and the separator 7 with which thickness consists of a fine porosity polypropylene film 25 micrometers and 
whose width of face are 58.1nmi was carried out, and this was made into the laminating electrode object. A negative 
electrode 6 is carried out inside along that die-length direction, it is wound around the eddy coil former many times, the 
last edge of an outermost periphery separator is fixed on a tape, and this laminating electrode object turns into a swirl 
type electrode object. That bore is formed in 3.5mm and, as for the hollow part of this swirl type electrode object, an 
appearance is formed in 17mm. 

[0038] The swirl type electrode object produced as mentioned above was contained with the iron cell can 10 with 
which nickel plating was performed, where electric insulating plates 8 and 9 are installed in the vertical both sides. And 
in order to perform current collection of a positive electrode 3 and a negative electrode 6, the positive-electrode lead 13 
made from aluminum was drawn from the positive-electrode charge collector 1, it connected with the cell lid 11, the 
negative-electrode lead 14 made from nickel was drawn from the negative-electrode charge collector 4, and it 
connected with the cell can 10. 
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[0039] And 5.0g of nonaqueous electrolyte which dissolved LiPF6 at a rate of one mol/1. into the amount mixed solvent 
of isochore of propylene carbonate and diethyl carbonate was poured into the cell can 10 with which this swirl type 
electrode object was contained. Subsequently, the cell lid 1 1 was fixed and the airtightness in the cell can 10 was made 
to* hold by closing the cell can 10 through the insulating sealed gasket 12 to which the front face was applied with 
asphalt. 

[0040] The cylindrical shape nonaqueous electrolyte rechargeable battery (example 1) with a diameter [ of 18mm ] and 
a height of 65mm was produced as mentioned above. 

[0041] an example 2 ~ the negative-electrode charge collector 4 which consists of introduction and electrolytic copper 
foil first was produced as follows. Electrolytic copper foil with a thickness of 12 micrometers was obtained by 
electrolyzing noble-metals oxide coat titanium into an anode plate by using the rotating drum made from titanium as 
cathode on current density 50 A/dm2 and the conditions of 50 degrees C of solution temperature, using as the 
electrolytic solution the copper-sulfate solution shown with presentation 2. And chromate treatment was performed in 
this electrolysis foil. 
[0042] 

(Presentation 2) 

A copper sulfate (CuS04and5H20) 350 g/1 Sulfuric acid (H2S04) 1 10 g/1 1-mercapto 3-propane sulfonic-acid sodium 
1 ppm Hydroxyethyl cellulose 4 ppm Low-molecular-weight glia (molecular weight 3000) 4ppm CI- The cylindrical 
shape nonaqueous electrolyte rechargeable battery (example 2) was produced like the example 1 except having used the 
electrolysis metallic foil mentioned above 30 ppm. 

[0043] an example 3 - the negative-electrode charge collector 4 which consists of introduction and electrolytic copper 
foil first was produced as follows. Electrolytic copper foil with a thickness of 9 micrometers was obtained by 
electrolyzing noble-metals oxide coat titanium into an anode plate by using the rotating drum made from titanium as 
cathode on current density 50 A/dm2 and the conditions of 58 degrees C of solution temperature, using as the 
electrolytic solution the copper-sulfate solution shown with presentation 3. 
[0044] 

(Presentation 3) 

A copper sulfate (CuS04and5H20) 350 g/1 Sulfuric acid (H2S04) 1 10 g/1 Glia (molecular weight 60000) 2 ppm Cl- 
By the measuring method which the surface roughness of this electrolytic copper foil mentions later, the glossy surface 
was RZ=2.00micrometer and 30 ppm of mat sides were RZ=3.52micrometer. 

[0045] Subsequently, gloss coppering was performed to the mat side using the copper electrolytic bath which consists 
of the electrolytic solution shown in this electrolytic copper foil with presentation 4 at current density 6 A/dm2 and 58 
degrees C of solution temperature. And chromate treatment was performed like the electrolytic copper foil with which 
this coppering was performed. 
[0046] 

(Presentation 4) 

A copper sulfate (CuS04and5H20) 240 g/1 Sulfuric acid (H2S04) 60 g/1 Glia 2 ppm Nihon Schering hippo SHIRADO 
210 A makeup agent 10 cc/1 A brightener (A) 0.5 cc/1 Brightener (B) It is used only for a supplement. The supplement 
of a Cl-30ppm brightener added a brightener (A) and 300 cc (B) of brighteners respectively to amount of currents 
lOOOAh. 

[0047] The cylindrical shape nonaqueous electrolyte rechargeable battery (example 3) was produced like the example 1 
except having used the electrolytic copper foil mentioned above. 

[0048] the example 1 of a comparison - the negative-electrode charge collector 4 which consists of introduction and 
electrolytic copper foil first was produced as follows. Electrolytic copper foil with a thickness of 12 micrometers was 
obtained by electrolyzing noble-metals oxide coat titanium into an anode plate by using the rotating drum made from 
titanium as cathode on current density 50 A/dm2 and the conditions of 58 degrees C of solution temperature, using as 
the electrolytic solution the copper-sulfate solution shown with presentation 5. And chromate treatment was performed 
to this electrolytic copper foil. 
[0049] 

(Presentation 5) 

A copper sulfate (CuS04and5H20) 350 g/1 Sulfuric acid (H2S04) 110 g/1 Glia 2 ppm CI- The cylindrical shape 
nonaqueous electrolyte rechargeable battery (example 1 of a comparison) was produced like the example 1 except 
having used the electrolytic copper foil mentioned above 30 ppm. 

[0050] And in the electrolytic copper foil obtained in the example 1 - the example 3, and the example 1 of a 
comparison, the surface roughness meter (SE[ by Kosaka Laboratory, Ltd. ]-3C mold) investigated the surface 
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roughness (ten-point average-of-roughness-height RZ). This result is shown in a table 1. In addition, when setting 
criteria die-length L to 0.8mm when measuring the surface roughness of a glossy surface, and measuring the surface 
roughness of a mat side, criteria die-length L was set to 2.5nim. 
[0051] 

[A table 1] 
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[0052] Moreover, the capacity maintenance factor after 100 cycles was investigated about the cylindrical shape 
nonaqueous electrolyte rechargeable battery of the example 1 which used each electrolytic copper foil for the negative- 
electrode charge collector - an example 3, and the example 1 of a comparison. The result is shown in drawing 3 , 
drawing 4 , and a table 2. 

[0053] Furthermore, change of the impedance before and behind 100 cycles was investigated about the cylindrical 
shape nonaqueous electrolyte rechargeable battery of the example 1 which used each electrolytic copper foil for the 
negative-electrode charge collector - an example 3, and the example 1 of a comparison. The result is shown in drawing 
5 , drawing 6 , and a table 2. 
[0054] 
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[0055] Since a capacity maintenance factor will fall substantially and change of an impedance will become large if the 
surface roughness of a mat side is set to 3 micrometers or more as shown in drawing 3 , drawing 5 , and a table 2, the 
surface roughness of a mat side has desirable less than 3 micrometers. Moreover, a capacity maintenance factor 
becomes low, so that the difference of the surface roughness of a mat side and a glossy surface becomes large, as 
shown in drawing 4 and drawing 6 , and the impedance is large. As for the difference of the surface roughness of this to 
a mat side, and a glossy surface, it is desirable that it is less than 2.5 micrometers. 

[0056] Moreover, like an example 1 and an example 2, the surface roughness of electrolytic copper foil may be 
regulated according to the first electrolytic condition, and may perform and regulate coppering later like an example 3. 
[0057] Since there is no constraint of manufacture top magnitude compared with rolling copper foil and electrolytic 
copper foil with high productivity is used for the negative-electrode charge collector in the nonaqueous electrolyte 
rechargeable battery mentioned above from the above thing, productivity can improve and a cell production cost can be 
lowered substantially. 

[0058] Furthermore, in the nonaqueous electrolyte rechargeable battery mentioned above, since the surface roughness 
of the mat side which is one field of the electrolysis metallic foil which is a charge collector is smaller than 3.0 
micrometers and the difference with the surface roughness of a glossy surface and a mat side is smaller than 2.5 
micrometers, it is good, and electrical conductivity becomes large and the contact nature of a charge collector and an 
active material becomes the thing excellent in the charge-and-discharge cycle. 
[0059] 
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[Effect of the Invention] Since the nonaqueous electrolyte rechargeable battery concerning this invention comes to use 
the electrolysis metallic foil formed in a charge collector from metaled electrolytic deposition, it can raise the 
productivity of a cell and can lower the cost of cell production, so that clearly also from the above explanation. 
[0060] Moreover, the surface roughness of the mat side w^hich is one field makes this electrolysis metallic foil the ten- 
point average of roughness height, and it is smaller than 3.0 micrometers, and a difference with the surface roughness 
of this principal plane and the principal plane of another side makes it the ten-point average of roughness height, and is 
formed smaller than 2.5 micrometers. In the nonaqueous electrolyte rechargeable battery concerning this invention, it is 
good, and electrical conductivity becomes large and the contact nature of a charge collector and an active material 
becomes the thing excellent in the charge-and-discharge cycle from this. 

[Translation done.] 
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